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A  now,  ronvonicnt  ayiitliesia  of  Cl^O  lias  yielded  a  prod¬ 
uct  of  improved  purity.  The  reaction  of  BrF^  with 
FOCiO^  failed  to  give  HrF^*^C10^  while  the  reaction  of 
ClgO  and  ^>2^^  C®ve  no  new  products. 
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INTRODUCTION 

fairing  u  sf-arch  for  n«*w  iiioiganic  halogcti  oxidizers  several  avenues  of 
itifi-rest  have  been  explored,  parf  iciilnrly  those  leading  to  new  rocnponnds 
(iin til  1  n I ng  fluoririnted  nitrogen,  oxynitrogen,  halogen,  and  oxylialogen 
mmelies.  One  of  the  primary  objectives  of  this  program,  oxychlorine 
t r 1 f 1  nor  1 de ,  was  achieved  during  last  year's  effort.  This  eagerly  sought 
compound  is  the  first  known  chlorine  oxyfluoride  containing  but  one 
chlorine-oxygen  bond. 

During  the  past  quarter,  effort  has  been  directed  primarily  toward  the 
elucidation  of  the  synthesis  and  properties  of  oxychlorine  trifluoride, 
riF^O.  An  understanding  of  the  chemistry  of  thi.»  new  compound  has  aided 
materially  in  the  improvement  of  its  synthesis  as  well  as  suggesting  syn¬ 
theses  for  the  unknown,  related  compounds  ClFO  and  CIF^O, 

Various  aspects  of  the  chemistry  of  chlorine  monoxide,  the  principal  source 
of  CIF^O  to  date,  were  fruitfully  investigated.  As  a  precursor  to  new 
DrF^O  oxidizers,  bromine  monoxide  was  studied  in  a  parallel  suinner. 
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DISCUSSION 


I  \  ;iILaRINE  TRIILLORIDE  (CIF^O) 

’it  characterization  of  ozychlorine  trif luori.^**  has  continued  f.i:d  satis- 
f  i'  tory  elemental  analyses  have  been  obtained.  This  new  Cl,  F,  0  cobk 
I  :  id  has  been  studied  with  regard  to  new  synthetic  methods,  improvement 
>  r  the  existing  synthesis,  thermal  stability,  and  other  physical  charac- 
f. I  istics.  The  physical  properties  presented  in  Table  1  are  a  sunsnary  of 
'!i>  best  available  data. 


TABl£  I 

raOPERTIES  OF  OXYCHLORINE  TRIFLUORIDE 


Melting  Point,  C  (corrected) 

-66  ±l 

Boiling  Point,  C 

29.4  tl.O 

Molecular  Weight 

Found  (vapor  density) 

105 

Calculated 

108.5 

'oiar  Heat  of  Vaporisation,  kcal 

7.7 

Trouton  Constant 

25.4 

Density,  g/^cc  at  23.3 

1.90  i0.05 

T  '  properties  were  measured  from  samples  of  ozychlorine  trifluoride 
h  •as  analyzed  as  follows:  Cl,  30.8  percent;  F,  49.3  percent;  and 
2.3  percent.  The  theoriied  analysis  ims  Cl,  32.7  percent;  P,  32.3 
}>:  ent;  and  0,  14.7  percent. 
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i’liyHtral  Propcrtiea  of  CIF^O 


Vapor  l‘roartwre,  Ti-mpcratiire  Relation.  The  vapor  pressurc/tcmperature  equa¬ 
tion  of  oxychlorinc  trifluoride  ’-as  determined  from  -22  C  to  32  C  at  nine 
temperatures,  A  least-squares  fit  yielded  the  equation  p(™*)  ^ 

H.'i33  -  1680/T.  The  norm,.!  buiiing  point  is  29.^  C  and  the  heat  of  vapori¬ 
zation  IS  7-7  kcal/mole  indicating  a  fairly  associated  liquid. 


Density  Measurements.  The  density  of  oxychlorine  trifluoride  was  deter¬ 
mined  in  two  ways  using  a  Kel-F  pycnometer.  A  known  volume  of  liquid  was 
weighed  and  gave  densities  of  1.89  and  1.91  g/cc  at  25.5  ^1.0  C.  The 
quantity  of  gas  from  a  known  liquid  volume  was  determined  and  converted 
to  ClFjO  weight,  using  108.5  as  the  molecular  weight.  This  weight  cor¬ 
responded  to  a  liquid  density  of  1.95  g/cc  at  23  C  and  2.06  g/cc  at  18  C. 
The  direct  method  not  only  gave  more  reproducible  data  than  the  gas  vol¬ 
ume  method  but  allowed  calculation  of  the  sample  purity  by  molecular 
weight  as  well  (l05  vs  108.5  theory).  Insufficient  data  were  obtained 
to  establish  a  quantitative  dependence  of  density  on  temperature. 


Thermal  Stability  of  Oxychlorine  Trifluoride.  Samples  of  CIF^O  were 
heated  in  stainless  steel  and  Monel  for  periods  of  16  hours.  Cesium 
fluoride  was  added  to  the  stainless-steel  cylinders.  The  runs  in  Monel 
were  carried  out  in  the  presence  and  absence  of  fluorine.  The  data  pre¬ 
sented  in  Table  2  show  the  percent  of  CIF^O  recovered. 
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TABLE  2 


niflLMAL  STABILITY  OF  CIF^O 


Duration,  Temperature,  Other  Material 
hours  C  Present 


Container 

hours 

C 

Stainless  Steel 
(five  runs) 

16 

200 

Monel 

16 

70 

Monel 

16 

100 

Monel 

16 

200 

Monel 

16 

200 

Monel 

16 

284 

Monel 

16 

200 

Monel 

16 

200 

Recovery  of | 
CIF  0, 
percent 


The  absence  of  nonotonic  results  indicates  reaction  with  the  container 
to  be  more  important  than  thersial  degradation.  There  vas  no  evidence  for 
equilibrium  reactions  involving  CIF^O. 


Elemental  Analysis  of  Oxychlorine  Trifluorids 


The  combustion  of  CIF^O  and  anhydrous  aamonia  in  glass  gave  nonreproducible 
results,  Metal-Teflon  reactors  were  more  successful  and  the  folloving 
analytical  results  were  obtained:  Calculated  for  CIF^O:  Cl,  32.7  per¬ 
cent;  F,  32. *>  nercent;  found:  Cl,  30.8  percent;  F,  49.5  percent.  The 
low  results  were  attributed  to  88-  and  94-percent  material  recovery  based 
on  initial  CIF^O  gas  voluaws.  The  fluorine-to-chlorine  ratios  for  tbs 
recovered  material  vers  2.97  <uid  2.99i  respectively. 
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The  deterainat ion  of  oxygen 
reAct  ion : 


in  CIF^O  wud 


attempted  directly  by  the 


'.Ilg  .  2C1F^0  =  HgCl^  f  ^  Og 


(1) 


Incomplete  oxygen  release  was  observed  so  an  indirect  method  was  tried 
using  sodium  chloride: 


2C1F^0  6NaCl  »  6NaF  +  Og  + 


(2) 


Although  the  theoretical  ratio  of  chlorine  to  oxygen  was  four,  ratios 
from  two  to  eight  were  obtained  by  gaa/liquid  chromatography.  More  sat* 
isfactory  results  were  obtained  when  NaCl  was  leacted  at  200  C  and  the 
oxygen  volume  was  obtained  by  pumping  the  oxygen  gas  at  -196  C  with  a 
Toepler  pump.  The  following  analytical  results  were  obtained:  calcu¬ 
lated  for  CIF^O:  0,  14.7  percent;  found:  0,  12.3  percent. 

Another  method  of  chlorine  and  oxygen  analysis  became  available  when  it 
«is  observed  that  oxychlorine  trifluoride  reacts  with  the  inside  surface 
of  a  stainless-steel  cylinder  at  200  C  to  give  a  gas  mixture  containing 
only  chlorine  and  oxygen: 

200  C 

2C1F_0  nM  - ^  Cl_  ^  0_  +  nMF.,  (3) 

’  16  hour.  *  * 


During  four  runs,  CIF^O  was  heated  to  200  C  in  the  presence  of  CsF  for  a 
minimum  of  16  hours.  The  condensible  gas  was  measured  and  compared  to 
the  amount  of  reacted  CIF^O  on  a  molar  basis. 
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Thf  following  analytical  roaulta  were  obtained:  calculated  for  Cl^/CIF^O: 
0.50  i)ercent;  found:  0.50,  0.'»9,  and  0.^9  mole  percent. 

The  nature  of  the  reaction  wis  confirmed  by  mass  spectrometric  analysis  of 
the  volatile  products  of  a  fifth  reaction:  ^2'  59.9  m/o;  O^,  ^0.1  n/o. 

The  relatively  low  oxygen  content  was  not  unexpected  due  to  the  possibility 
of  oxide  formation  from  CIF^O  at  200  C. 


New  Syntheses  of  Oxychlorine  Trifluoride 

Fluorination  of  Chlorine  Nitrate.  There  are  few  well-characterized  sin{(ly 
bonded  chlorine-oxygen  compounds  represented  by  the  structure  XOCl.  Be¬ 
cause  one  of  these,  chlorine  monoxide,  proved  successful  in  the  prepara¬ 
tion  of  ClFjO,  the  possible  utility  of  chlorine  nitrate,  CIONO^,  was 
examined.  Lov-teinperature  f luor inat ions  of  the  cesiun  fluoride-chlorine 
nitrate  complex  were  carried  out  in  a  fashion  similar  to  the  preparation 
of  ClFjO  from  Cl^O.  Chlorine  nitrate  was  prepared  by  the  reactions  of 

C1„0  with  NO,  and  with  N_0_  (Ref.  l). 

2  2  4  25 

On  exposure  of  chlorine  nitrate  to  cesium  fluoride  at  -80  C,  a  slow  lower¬ 
ing  of  vapor  pressure  was  observed  indicating  some  complex  formation.  The 
reaction  was  reversible  because  chlorine  nitrate  could  be  removed  by  i«n»- 
ing  and  pumping,  the  CsF-ClONO^  complex  was  treated  .th  excess  fluorine 
at  -80  C  for  several  days. 

After  removal  of  i.xcess  fluorine  at  -I96  C,  the  products  volatile  at  am¬ 
bient  temperature  were  principally  FNO2  and  less  FCIO^  with  one  case  of 
IINO^  and  contamination.  No  further  volatiles  were  evolved  even 

after  4  weeks.  Because  not  all  of  the  starting  material  was  accounted 
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for,  the  reaidues  were  heated  to  drive  off  ai^  complexed  CIF  compounda 
in  a  manner  analofroua  to  that  used  for  obtaining;  pure  CIF^  from  KF-KCIF^ 
(Ref,  2).  Colorless  gases  were  evolved,  containing  6O-  to  80-percent 
riF^O  with  FSOg,  FCIO^,  and  CIF^  comprising  the  remainder.  The  yield  of 
riF^O  based  on  chlorine  nitrate  was  36  percent.  Because  the  tot-al  prod¬ 
uct  gases  did  not  correspond  to  the  initial  amount  of  chlorine  nitrate, 
additional  unrecovered  CIF^O  may  have  been  tied  up  in  the  solid,  indicat¬ 
ing  the  need  for  more  drastic  pyrolysis  conditions.  When  the  chlorine 
nitrate-cesium  fluoride  complex  was  formed  at  -18  C  and  treated  similarly, 
a  22-percent  yield  of  CIF^O  was  obtained. 


The  following  reaction  sequence  is  proposed: 


ClONOg  ♦  CsF  —  CsF-ClONOj  (4) 

fiO  c 

CsF-ClONOj  >  21\^  ~  ^  CsF-ClFjO  +  FNOg  (5) 

CsF'ClFjO  ^  ^  ClFjO  +  CsF  (6) 


Fluorination  of  Mercury  Salt-Cl^O  Complexes.  The  static  method  used  for 
preparing  Cl^O  (discussed  later  in  this  report)  indicated  the  formation 
of  a  complex  between  Cl^O  and  the  residual  mercury  salts.  A  decrease  in 
the  vapor  pressure  of  Cl^O  was  observed  as  well  as  incoeqilete  Cl^O  removal 
from  the  salts  at  -60  C.  Proceeding  by  broad  analogy  with  the  CsF'Cl^O 
complex,  the  preparation  of  CIF^O  or  other  new  F,  Cl,  0  moieties 
attempted  by  fluorination. 
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Two  reactions  of  this  type  were  conducted  at  -80  C,  but  did  not  yield 
CIF^O: 


(UgO-HfiCl^-ClgO)  T  Fj 


(7) 


Among  the  products  obtained,  however,  were  FClOg,  CIF^,  and  CIF^.  The 
observation  of  CIF^,  and  GIF-  in  particular,  at  this  low  temperature  sug¬ 
gested  a  highly  active  form  of  chlorine  because  GIF,,  had  not  been  previ¬ 
ously  produced  under  such  mild  conditions.  In  addition,  the  infrared 
spectrum  of  the  products  contained  several  unidentified  peaks.  Attenqits 
to  separate  and  identify  these  products  were  unsuccessful. 


A  Now  Synthesis  of  ClgO 


Because  of  the  increased  requirements  for  Cl^O  as  an  intermediate  in  sev¬ 
eral  preparations  essential  to  this  work,  an  improved  synthetic  route  was 
desired.  The  presently  accepted,  and  indeed  the  oulv  proved  method  of 
preparing  Cl^O  is  via  the  ambient  temperature  flow  reaction  of  nitrogen- 
diluted  chlorine  and  freshly  prepared  yellow  UgO  (Ref.  3)>  This  proced¬ 
ure  is  rather  tedious  and  generally  gives  83-percent  Cl^O  ( 13-percent  Cl^) 
with  60-  to  70-percent  conversion  of  the  HgO  according  to  the  following 
literature  reaction. 

2»g0  ♦  JKlg - ►CljO  e  HgO'HiCl^  (8) 

It  has  been  found  that  the  static  reaction  of  HgO  and  Cl-  at  -80  C, 

i  * 

using  either  the  above  stoichiometry  or  excess  HgO,  produces  high-purity 
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Cl^O  ‘n  Rood  yield  with  oiniouil  effort.  Furthermore,  it  haa  been  eatab- 
liahed  that  under  these  condittona  at  least,  the  stoichiometry  of  the 
reactions  approaches: 


llgO 


2C\,^  - 


►  Cl^O  .  IlgClg 


(9) 


when  the  Cl^MIgO  ratio  exceeds  2:1.  The  results  from  some  representative 
preparations  ttre  presented  in  Tables  3  and  The  ClgO  yields  are  for 
purified  material  after  removal  of  the  Ci^  impurity. 


TAfil£  3 

CO-SVERSION  OF  Cl^  TO  Cl^O  B\SED  ON  211g0  +  201^  -  Cl^O  +  HgO-HgCl^ 

(HgO  IN  EXCESS) 


HgO:Cl2, 
mole  ratio 

R*o, 

millimoles 

Clj, 

millimoles 

ClgO  Yield, 
percent 

1:1 

9.1 

9.06 

100 

1.06:1 

281.6 

260.8 

79 

1.5:1 

127.4 

84.3 

79 

2:1 

18.2 

9.06 

77 

2:1 

18.7 

9.33 

80 

4:1 

37.4 

9.33 

70 
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TABLE  4 

(  0S\731SI0S  OF  IlgO  TO  Cl^O  B^VSED  ON  IlpO  +  2Cl^  a  Cl^O  ♦  HgCl^ 

(Cl 2  IN  LXCESS) 


"fiO, 

mill imoles 

CI2O. 

mill imoles 

ClgO  Yield, 
percent 

169 

119 

70.4 

229 

129 

56.3 

277 

225 

81.2 

233 

187 

80.2 

193 

184 

95.5 

Tliua ,  the  technique  using  excess  chlorine  gave  maximuB  utilization  of  the 
IlgO  and  achieved  nearly  quantitative  conversion  of  the  oxygen  of  QgO  to 
Cl^O.  Other  pertinent  advantages  of  this  method  were  its  simplicity  and 
safer  luindling  for  gross  quantities  of  the  explosive  Cl^O.  Because  the 
dispersed  Cl^O  ms  drawn  off  as  required  from  the  mercury  salt-Cl^O  re^ 
actor,  the  need  to  handle  large  volumes  of  liquid  Cl^O  was  eliminated. 

The  exact  mechanism  by  which  Cl^O  is  formed  from  OgO  and  Cl^  is  not  com¬ 
pletely  understood.  It  is  known,  however,  that  Cl^O  ms  not  all  present 
as  free  material  when  in  contact  with  the  mercury  salts  at  -80  C.  This 
MS  demonstrated  by  the  lower  vapor  pressure  (2  millimeters)  exhibited 
under  these  conditions  than,  that  show.<i  by  pure  Cl^O  (6  to  8  millimeters). 
Moreover,  it  was  not  possible  to  remove  all  the  Cl^O  by  pumping  on  the 
mixture  at  -80  C.  Only  30-  to  60-percent  was  evolved  at  that  temperature, 
the  remainder  being  obtained  on  Mrming  the  reactor  to  ambient  temperature. 
The  possibility  of  a  Cl^O-UgCl^  complex  is  therefore  being  investigated. 
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Mien  part  or  all  of  the  IlgO  was  converted  to  HgClg  by  chlorine,  an  active 
form  of  HfiClg  was  formed.  Exposure  of  HkCI^  so  formed  to  moist  air  re¬ 
sulted  in  a  partial  conversion  ♦«  chlorine,  mercuric  oxide,  and  mercury. 


Effect  of  Experimental  Conditions  on 
Oxyclilorine  Trifluoride  Synthesis 

One  of  the  reaction  sequences  postulated  for  the  conversion  of  Cl^O  to 
CIE^O  is: 


Cl^O  +  CsF - •-ClgO-CsP  (10) 

ClgO-CsF  ♦  nFg - ►CIF^O  +  ClFg^  ^'CsF  (ll) 

CIF^O  >  CsF  ^ZZZZ^ClFjO'CaF  (12) 

The  main  goals  of  this  effort  vere  to  optimize  the  conversion  of  CI2O  to 
CIF^O  and  to  understand  the  fluorination  process  by  vhich  the  conversion 
is  effected.  Several  parameters  vere  examined:  Cl^O-metal  fluoride  com¬ 
plex  formation,  fluorination  temperature,  sample  size,  reaction  time,  and 
product  recovery  temperature. 

Because  the  addition  of  alkali  metal  fluorides  to  Cl^O  has  been  essential 
to  ClFjO  synthesis,  conditions  leading  to  effective  CsF-ClgO  and  KF-Cl^O 
complexes  were  examined.  Formation  of  the  CsF-Cl^O  complex  was  complete 
at  -80  C  after  6  hours  (disappearance  of  Cl^O  color),  while  at  -22  C, 

Cl^O  vapor  in  contact  with  excess  CsF  was  only  one-third  complexed  after 
11  hours.  This  observation  ms  attributed  to  enhanced  soliV^l^vid 
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contact  at  -78  C.  Once  formed,  the  CsF  complex  ^.'as  stable  to  dissociation 
at  -22  C  but  showed  a  pressure  of  at  least  6  mm  llg  at  0  C,  The  potassium 
fluoride  complex,  however,  formed  only  slowly  at  -HO  C  and  was  not  stable 
at  C.  The  optimum  temperature  for  fluorinntion  was  considered  the 
maximum  temperature  at  which  the  Cl.^O  complex  is  intact  and  reacts  smoothly. 
A  tabulation  of  Cl^O-CsF  f luur inations  at  several  temperatures  is  presented 
in  Table  3.  Variations  in  the  quantity  of  Cl^O  used  and  the  reaction  time 
were  also  examined.  Only  CIF^O  that  was  evolved  at  ambient  temperature 
was  considered  in  Table  5.  Subsequent  evidence  for  ClF^O-CsF  complex  for¬ 
mation  suggested  that  several  low  yields  and  variations  in  yield  from  run 
to  run  were  due,  in  part  at  least,  to  CIF^O  containing  solids  which  could 
be  heated  to  give  additional  CIF^O.  Although  no  clear-cut  correlations 
between  yield  and  experimental  parameters  are  evident,  several  satisfactory 
conversions  to  CIF^O  have  bc«n  obtained  after  several  days  at  Dry  Ice 
temperature. 


Solid  Products  From  Fluorination  of  Cl^O-CsF  Complexes 


The  low-temperature  fluorination  of  the  Cl^O-CsF  complex  might  be  expected 
to  yield  complexes  of  ClOClF^i  CIF^OCIF^,  CIF^OCIF^,  and  possibly  CIF^OCIF^ 
as  well  as  complexes  of  CIF,  CIF^,  FClOj,  and  CIF^O.  Products  removed  by 
pumping  at  ambient  temperature  were  FCIO21  CIF^O,  and  occasionally  CIF^. 
I'/rol^ais  of  the  remaining  solid  products  yielded  additional  CIF^O  as  %Tell 
as  CIF  and  an  unknown  species.  The  unknown  partially  passed  through  a 
-I60  C  trap  and  showed  infrared  absorptions  in  the  CIO  and  CIF  regiona. 

Thia  new  compound  may  be  a  new  F,  Cl,  0  compound.  The.producta  CIF^O  and 
C1F_  could  have  ariaen  from  cither  degradation  of  CIF, OClF.’CaP  or  from 
Ca  CIF^O  and  Ca  CIF^.  Chlorine  monofluoride  and  any  new  F,  Cl,  0  speciea 
could  aimilarly  have  ariaeu  rom  either  their  CeF  complexes  or  CaF  com¬ 
plexes  of  the  fluorinated  Cl^O  structure. 
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iinirnl  Studies  of  Clf’O 


(lumistry  of  CIF^O  was  expected  to  juirallel  that  of  CIF^  with  regard 
Its  heiiavior  with  strong  Lewis  acid  and  bases.  That  is,  reactions  in- 
;v)ng  either  the  addition  or  loss  of  fluoride  were  considered  likely, 
irination  reactions  involving  the  loss  of  two  fluorine  atoms  are  also 
isnlered  possible,  althotigh  less  likely. 


1-Hnse  Reactions.  The  pentavalent  ion  ClFj^O  was  initially  sought 
I.  ng  I'NO  aa  a  donor: 


FNO  e  ClFjO 


.NO  CIF.O 

a 


<  iidering  the  predicted  cnlianced  acidity  of  CIF^O  over  that  of  CIP^ 
t^  *e  is  a  high  expectation  of  preparing  the  complexes  NO^^CIF^O  and 

MFj^O”.  Two  reactions  were  carried  out  using  FHO  and  CIF^O,  No  con- 
I  lions  could  be  drawn  inasmuch  as  hydrogen  nitrate  was  obsei^ed  ns  a 
1  luct,  signifying  an  air  leak  in  the  system.  A  mixture  of  FNO^  and 

<  .0  shoved  a  marked  vapor  pressure  decrease  indicating  complex  forma- 

Fxperiments  to  more  completely  define  the  complexes  of  CIF^O  with 
1  and  FNOj  are  now  in  progress. 

!  ution  of  CIF^O  from  CsF-containing  solids  was  ac!.'eved  by  pyrolysis 

*  luggested  the  presence  o  f  the  salt  Cs^^ClF^O”,  The  complex  CsF-ClPjO 
xe  fonsulated  as  Cs^ClF^O"  by  virtue  of  its  relative  thermal  stability 
n  analogy  with  other  alkali  metal  f luor ide-interlialogen  fluoride  salts 
I  .  2  snd  5)-  aalt  represents  the  first  example  of  a  stable  penta- 

\  tt  fluorvi.  ved  chloro-centro  anion.  Previous  work  with  CsP  and  CIF^O 
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aave  little  indication  of  complex  formation  at  -80  C,  an  observation  which 
may  have  been  due  to  solidification  of  CIF^O  at  -66  C  before  sufficient 
contact  with  CsF  was  achieved.  Wliile  the  formation  of  the  CsF-ClF^O  com¬ 
plex  in  situ  was  established  during!  the  course  of  the  reaction  of  ClOMO^t 
It  was  not  known  wticther  it  could  be  produced  directly  from  CIF^O  and  CsF. 
Exposure  of  CIF^O  to  fused  and  freshly  powdered  CsF  at  ambient  temperature 
overnight  resulted  in  only  small  amounts  of  CIF^O  remaining  in  the  gas 
phase.  P>'rolysia  of  the  residual  solids  led  to  the  evolution  of  CIF^O  of 
good  purity,  demonstrating  the  reversible  reaction: 


CIF^O  1-  CsF  ~ 


Cs^ClF.O" 


(14) 


Separation  of  CIF^O  from  CIF^  and  FCIO^,  the  usual  contaminants,  lAs 
attempted  with  BF^  in  the  hope  that  CIF^O  would  be  a  weaker  Levis  bass 
than  either  impurity.  A  sample  of  impure  CIF^O  was  treated  with  a  lesser 
volume  of  BF^  for  20  minutes  at  -80  C.  ClFj,  FCIO^,  and  excess  CIF^O  were 
volatile  at  this  temperature,  but  BF.  was  not.  No  additional  pressure  was 

^  mm 

observed  at  room  temperature  indicating  the  absence  of  CIF2  BF^  and 
riO^^BF^'  in  the  reuining  solids* 


Oxychlorinc  trifluoride  exhibited  a  relatively  strong  basic  beliavior  and 
reacted  preferentially  while  most  if  not  all  of  the  FCIO^  and  CIF^  remained 
free.  The  BF.  cooqilex  of  C1F_0  is  a  white  solid  which  can  be  sublimed 
only  slowly  at  100  C  and  10  Hg. 


The  reaction  of  ClF-0  as  a  Lewis  base  toward  AsF-  resulted  in  the  forma- 
3  5 

tion  of  a  white  solid,  nonvolatile  at  50  C.  Such  a  complex  was  expected 
to  be  C IF^O^AsF^** .  However,  it  was  not  determined  whether  a  side  reaction 
may  have  occurred  to  give  ClO^^AsF^  ,  which  behaves  similarly  (Ref.  l). 
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Oxychlorine  trifluoride  therefore  exhibits  a  pronounced  amphoteric  char¬ 
acter  siailar  to  chlorine  trifluoride,  reacting  both  as  an  acid  and  a 


base  (Eq.  14):  V 

CIF^O  +  FNOg - ►NOg^Clf^O"  (I5) 

CIF^O  ♦  BP^  - ►ClFgO^BF^’  (I6) 

ClFjO  t  AsF^ - ^ClFgO^^AsF^"  (I7) 


Reaction  of  CIF^O  and  F^. 


A  series  of  fluorination  experiments  in  the 


some  Monel  reactor  with  different  samples  of  CIF^O  was  conducted  consecu¬ 
tively  in  hopes  of  forming  CIF^O.  Five  runs  from  70  to  284  C  yielded  no 
new  species.  Fluorination  of  fluorinated  Cl^lX-metal  fluoride  complexes 
at  various  temperatures  as  a  possible  route  to  CIF^O  are  in  progress. 


Reaction  of  CIF^O  and 


The  reaction  of  CIF^O  with  ^2^^  vas  examined 


as  a  possible  route  to  FCIO  as  in  the  following  equation: 


ClFjO  + 


2NFj  +  FCIO 


(18) 


The  vapor  or  gas  pressures  of  the  system  CIF^O-N^^  showed  no  appreciable 
deviations  frosi  calculated  pressures  over  the  te^ierature  range  -80  to 
60  C.  Under  the  conditions  used,  CIF^O  was  compatible  with  M/,,  i.e., 
no  reaction  was  observed.  There  is  a  good  possibility  of  arriving  at 
FCIO  by  the  alternate  fluorination  of  AsF^  owing  to  the  adult ional  driv¬ 
ing  force  of  co^ilex  formation: 


ClFjO  ♦  AaFj 


♦FCIO- AaF_~Z=fl FCIO  ♦  AsF. 

J  ^  5 


(19) 
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MISCKI.IANEOUS  REACTIONS 
At  Irmptcd  Syriiheflia  of  NF^ONP^ 


Diirintf  the  recent  investigations  of  reactions  of  the  IWF^-KF  complex  am! 
OFg,  njnreproduc ib le  infrared  indications  for  a  new  compound,  possibly 
NTgONTg,  were  obtained.  An  alternate  route  to  NF^ONF^,  namely  the  reaction 
of  Cl^O  and  examined  at  -112  C  in  Pyrex,  When  an  excess  of 

N'^F^  was  used,  the  products  were  FNO,  CINF^,  and  Cl^;  when  Cl^O  was  in 
excess,  ClONOg,  ClOg,  and  Clg  were  found.  Solids  believed  to  be  (N0)2SiFg 
were  observed  in  each  case.  No  further  studies  are  planned  in  this 
direction. 


Reactions  of  Fluorine  Perchlorate 


The  synthesis  of  the  BrF^^  cation  was  attempted  to  provide  a  model  for 
the  CIF^^  cation.  Bromine  pentaf luoride  and  fluorine  perchlorate  were 
combined  in  hopes  of  forming  hezafluorobroeiine  (VIl)  perchlorate: 


BrF-  +  FOCIO, - ^-BrE.^ClO. 

5  3  oh 


(20) 


The  only  detectable  reaction  was  a  10-percent  decomposition  of  FOCIO 
FCIO^  and  noncondensible  gas. 


3 


to 


Synthesis  of  New  Br,  F,  0  Compounds  by  Fluorinatioo  of  Br^O 

Samples  of  Br^^O  wore  prepared  from  yellow  HgO  and  bromine  in  Freon  11  at 
-45  to  -80  C,  The  formation  of  Br^O  was  deduced  on  the  basis  of  the  sama 
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uoagrr  infonsation  that  ia  in  the  literature  (Ref,  6).  This  included  the 
black  color,  low  volatility,  and  decomposition  of  the  sample  above  -40  C 
Kiving  bromine  and  noncondensible  gas  (oxygen). 


Tiie  CsF  complex  of  this  material  was  formed  from  the  Freon  11  solution 
at  low  temperature.  After  removing  the  solvent,  the  complex  was  fluori- 
nated  with  the  expectation  of  forming  BrF^O  and/or  BrF^O.  After  several 
days,  the  reaction  yielded  room  temperature  volatile  gases  composed  of 
BrFj  with  lesser  amounts  of  FHO^,  SOF^,  and  SF^.  In  addition,  several 
weak,  unidentified  absorptions  were  present  in  the  infrared  spectrum  of 
the  mixture.  Too  little  sample  was  obtained  to  permit  isolation  of  the 
components  producing  these  absorptions.  The  CsF  used  in  this  reaction 
had  become  a  fused  mass,  which  on  hydrolysis  gave  large  amounts  of  Br2 
vapor.  In  view  of  more  recent  Rocketdyne  findings  regarding  the  course 
of  the  Cl^O'CsF  f luorinations ,  wherein  it  was  observed  that  some  of  the 
CIF^O  formed  remnin<'d  in  the  reactor  as  a  stable  complex,  it  is  probable 
that  BrF^O  or  possibly  BrF^O  would  be  similarly  complexed  with  CsF.  1^- 
rolysis  of  the  solids  from  the  Br^O'CsF  fluorination  is  in  progress  to 
free  any  complexed  F,  Br,  0  species. 


Br^O  ♦  CsF - ^CsF'Br^O 


CsF  Br„0 - ? - *.CsBrF  0  ♦  BrF_  x  -  4,  6 

2  X  5 


(21) 

(22) 


A 

V  immea  *  IS 

I 


A 


M  mm  sa 

r  ore  ,  V 


(23) 
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EXPKRIMENTAL  EFFCRT 


IWIP/MUTION  OP  ClgO 

Yellow  IlgO  was  freshly  prepared  by  the  reaction  of  mercuric  chloride  and 
sodium  hydroxide  solutions.  After  drying  and  powdering,  IlgO  was  loaded 
into  small  glass  ampoules  together  with  appropriate  amounts  of  chlorine. 
Tlie  closed,  evacuated  ampoule  was  kept  at  Dry  Ice  temperature  at  least 
overnight,  although  longer  reaction  periods  were  beneficial  rather  than 
detrimental  to  Cl^O  formation.  Very  pure  Cl^O  was  obtained  if  HgO  was  in 
excess,  while  better  utilization  of  the  oxygen  of  UgO  was  achieved  if 
chlorine  was  in  excess.  Impure  Cl^O  was  upgraded  by  trap-to-trap  distil¬ 
lation  using  carbon  disulfide  slush  (-112  C)  and  liquid  nitrogen  baths. 
The  purity  and  identity  of  the  product  was  established  by  its  infrared 
spectrum  (Ref.  7)i  vapor  phase  chromatography  aud  vapor  pressure. 


HIEPARATION  V  Br^O 

The  synthesis  of  Br^O  was  accomplished  in  much  the  same  manner  as  that 
of  Cl^O.  The  reactants  Br^  and  IlgO  were  mixed  in  Freon  11  solvent  to 
provide  contact  while  maintaining  low  temperatures.  The  reaction  was 
conducted  over  several  days  at  -4$  to  -80  C  with  occasional  agitation. 
Bromine  monoxide  was  obtained  in  reasonably  good  purity  by  subsequent 
vacuum  fractionation.  Usually  this  was  not  uecessary  as  the  Br^l^Preon  II 
solution  was  used  to  form  the  Br^O'CsF  co^lex  directly.  The  bromine  and 
Freon  11  were  then  stripped  off. 
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1W;P;VRATI0N  OF  CINO^ 


Chlorine  nitrate  vaa  prepared  by  allowing  roughly  equimolar  quantities 
of  Cl^O  and  ^2^4  react  in  evacuated  glass  ampoules  at  -80  C 

overnight  or  longer.  Residual  Cl^O  indicated  by  its  red  color  was  con¬ 
sumed  by  allowing  the  reaction  to  proceed  briefly  in  the  vacuum  line  at 


ambient  temperature.  The  CINO^  produced  was  purified  by  vacuum  fractiona¬ 
tion  and  identified  by  its  infrared  spectrum  (Ref.  8)  and  vapor  pressure 


(Ref.  9). 


FLUORmilON  OF  HYPOHALITE-AUCALI  METAL  FLUORII®  COMPIZXES 

Regardless  of  the  material  being  fluorinated,  before  the  introduction  of 
fluorine  into  the  metal  cylinder,  at  least  I6  hours  were  allowed  to  per¬ 
form  the  complex  substrate,  usually  at  -80  C.  After  cooling  to  -I96  C, 
a  twnty-fold  molar  excess  of  fluorine  was  condensed  into  the  cylinder. 
The  reactor  temperature  was  generally  siaintained  at  -80  C  for  several 
days  before  removing  the  excess  fluorine  at  -I96  C.  Volatile  products 
were  then  separated,  trapped,  and  examined. 


PREPARATION  OF  GKYCULQRINE  TRIFUIORIIS 

Oxychlorine  trifluoride  was  prepared  by  the  fluorination  of  an  alkali 
metal-CljO  complex.  In  a  typical  preparation  the  alkali-metal  fluoride 
%«s  first  dried  by  fusion  and  then  transferred  to  a  dry  box  for  grinding. 
The  powdered  fluoride  was  placed  in  a  300-sii  Hi  liter  etainless-steel 
cylinder.  Chlorine  monoxide  was  distilled  into  the  reactor  in  vacuo. 

The  cylinder  was  maintained  at  -78  C  at  least  overnight  to  allow  complex 
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fomation.  Then  fluorine  was  added  and  allowed  to  warm  to  the  desired 
reactor  temperature.  After  reaction,  the  products  which  were  volatile 
at  ambient  temperature  were  separated  by  fractionation  using  a  -93  C 


slush  bath  wliich  condensed  moat  of  the  C1F_0.  Any  unreacted  C1_0,  other 
products,  and  impurities  passed  through.  Additional  CIF^O  was  evolved 
by  heating  the  residual  solid  in  the  reactor  with  a  heat  gun. 
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•  I  tatTMACT 

The  nev  oxidizer  oxychlorine  trifluoride,  ClFlO,  has  been  prepared  by  the 
fluorination  of  cesium  fluoride  complexes  of  both  chlorine  monoxide  and 
chlorine  nitrate.  The  density  of  CIF.O  is  1.90  ^0.05  g/cc  at  25.5  C;  it  melts 
at  -66  C  and  boils  at  29<'^  C.  The  vapor  pressure/temperature  equation  for 
CIF^O  has  been  obtained  from  -22  to  32  C:  logjQ?  (nai)  >  8.433  -  1680/t.  The 
molar  heat  of  vaporization  is  7<7  kcal.  Oxychlorine  trifluoride  vas  found  to 
be  thermally  stable  to  284  C,  althoxigh  reactivity  vith  metal  containers  vas 
noted.  Elemental  analyses  confirm  the  empirical  formula  CIF^O.  Several  mem¬ 
bers  of  a  nev  class  of  complexes  have  been  formed:  Cl20'CsF,  Br20'CBF,  and 
Cl(P«02‘CaF.  Fluorination  of  these  materials  has  led  to  solid  oxyhalogen 
fluoride  complexes.  Evidence  for  another  nev  oigrchlorine  fluoride  candidate 
has  been  obtained  during  this  study.  Reactions  of  CIF^^  vith  Levis  acids  and 
bases  gave  the  complexes  N02'*f^lF%0~,  Cs'*t!lF40^,  C1F20^W4'*,  and  ClF20'^AsFg~ , 
indicating  a  pronounced  amphoteric  behavior.  No  reaction  of  CIF3O  vas  observed 
vith  either  F2  or  N2F4.  A  nev,  convenient  synthesis  of  CI2O  has  yielded  a 
product  of  improved  purity.  The  reaction  of  BrF;  vith  FOCIO3  failed  to'give 
BrF^'*<^104~  vhile  the  reaction  of  CI2O  and  N2F4  gave  no  nev  products,  (cj 
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